Phyllanthus amarus (Bhui-Aanwalaa: Family: Euphorbiaceae) is considered to be the most important medicinal plant of the Indian Thar desert. The present article deals with its seed morphological parameters, seed output, reproductive capacity (RC), germination behavior, seedling growth, root: shoot ratio (R/S ratio), germination value (GV) and vigour index (VI) in fresh and one-year-old seeds under controlled laboratory conditions. Results revealed that 73.33 and 60% germination was observed in fresh and one-year-old seeds as compared to the control (20% in fresh; while 36.67% in one-year-old seeds) after providing mechanical + conc. H 2 SO 4 scarification for 2 and 1 min, respectively. The maximum VI and GV were obtained in mechanical + conc. H 2 SO 4 scarification for 2 min pretreatments in fresh seeds.
INTRODUCTION
Phyllanthus amarus Schum. and Thonn. is distributed throughout the hotter parts of India, particularly on cultivated land upto 1000 m (Khare 2007) . Aerial parts exhibited marked antiinflammatory properties which suggest that lignans are the main active principles responsible for the traditional application of this plant for the inflammatory complaints (Kassuya et al. 2005) . Whole plants have been used in traditional medicine in Central and South America and Asia (including India and Indonesia) for the treatment of jaundice, asthma, hepatitis, malaria and for its diuretic, anti-viral and hypoglycemic properties (Calixto et al. 1998) .
Seed germination and early seedling growth are considered the most critical phases for establishment of any species and thus it is often emphasized that tolerance of seeds to various stresses during germination should be determined. Seed germination is an important stage of plant growth which is controlled by environmental factors as well as by physiological processes (Finch-Savage and Leubner-Metzger 2006) . Dormancy of seed, especially those of arid zone plants are biologically significant in speeding or delaying germination until the environment is favourable for the development and establishment of seedlings. Delayed germination is of great significance, especially in an arid zone, where the conditions are unflattering and unpleasant for normal growth and development of plants for long periods (Sen 1977) . Pretreatments such as concentrated sulphuric acid, mechanical scarification, growth regulators, nitrates, etc. are likely to facilitate water imbibitions and gaseous exchange, which ultimately lead to higher percentage besides speedy germination depicted as germination value (GV). Thus in the present studies, an attempt has been made to study the various morphological parameters of seeds such as weight, volume, size, density, reproductive capacity and effects of acid and mechanical scarifications for breaking the hard seed coat dormancy as well as enhancement of germination and seedling growth parameters under controlled laboratory conditions in P. amarus.
MATERIALS AND METHODS
The mature fruits of P. amarus were collected from Ratanada Police Lines, Jodhpur (8 km away in north-east direction from the University Campus) during August-October 2008 -2009 and 2009 -2010 . The mature fruits were cleaned and stored (at room temperature) in plastic containers with parad tablets/BHC powder to protect them from insects. The shape and colour of seeds were observed under dissecting microscope. The seed size (length and breadth) was measured with the help of vernier caliper. The weight of 100 seeds was taken with electronic balance. The volume of 100 seeds was calculated using water displacement method. Seed density was measured by using following formula:
All parameters were taken in triplicate and confirmed twice.
The seed viability in freshly harvested and after 12 months of storage period was tested as per Porter et al. (1947) . The seed output and reproductive capacity (RC) were calculated by using the formula given by Salisbury (1942) .
RC=
Average seed output × Average germination (%)
100
Seeds germination behaviour was studied in fresh and one-year-old seeds. For germination studies, seeds were placed in sterilized petri dishes lined with single layer of filter paper, moistened with distilled water as and when needed. The experimental petri dish contained 10 seeds in triplicate and the experiments were repeated twice. The germination experiments were performed in alternate white light and dark (12 h) obtained from 3 fluorescent tubes of 40 watts each fitted at a height of half meter from the petri dishes (1000 lux) at 28º C in seed germinator. After 10 days of setting the experiments, seed germination (%) and root and shoot length of seedlings were measured.
Hard seed coat dormancy was prevalent in this species, so for its removal seeds were pretreated with conc. H 2 SO 4 acid scarification (1 and 2 min) and mechanical + conc. H 2 SO 4 acid scarifications (1 and 2 min) and then kept under running tap water for 3-4 h. Afterwards, pretreated seeds were kept for germination studies. Germination values of seeds were calculated for each treatment as per Czabator (1962) Where, seedling lengths are the sum of root and shoot lengths.
The mean values of data obtained from six replicates during the both years for each parameter were executed using CRD design and statistically analyzed by one way ANOVA as suggested by Gomez and Gomez (1984) .
RESULTS
The fresh seeds of P. amarus exhibited 100% viability, which reduced to 70% after one year of storage, indicating decreasing in viability after storage. The seeds were blackish-brown coloured, kidney shaped, 1.089 mm long and 0.591 mm broad having 0.039 g cc -1 density. The seed output and reproductive capacity were 9174.889 and 2568, respectively (Table 1) . Table 2 that 20 and 36.67% seeds germinated in control experiments in fresh and one-year-old seeds, respectively. 73.33 and 60% germination was observed in fresh and oneyear-old seeds after providing mechanical + conc. H 2 SO 4 scarifications for 2 and 1 min, respectively. The maximum length for root and shoot in seedlings from fresh seeds were observed in control as compared to other pretreatments, whereas in one-year-old seeds these values were maximum in conc. H 2 SO 4 for 1 min and mechanical + conc. H 2 SO 4 scarifications for 1 min pretreatments, respectively. The highest R/S ratio in fresh (1.009) and one-year-old seeds (0.993) was observed in conc. H 2 SO 4 for 1 min and mechanical + acid scarifications for 2 min pretreatments, respectively. The maximum VI (260.248) and GV (268.864) were obtained in mechanical + conc. H 2 SO 4 scarifications for 2 min in fresh seeds. The data were significant at 95% probability level, except for root and shoot lengths in both types of seeds, germination percentage in one-yearold seeds and R/S ratio and VI in fresh seeds, which were non-significant. In the present studies, fresh seeds of P. amarus
It is evident from
showed maximum values of seed germination, VI and GV when subjected to mechanical scarification along with 2 min of conc. H 2 SO 4 pretreatments. 
